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ÎSRU^�QEÎS¤S^�´r^�ÎS`r^�§S¥S¶g´#RU^�Q m O�QS§E´#¤ T�¤ST"VoRU¶WRU´3w	3��rTWÎSO�`#O�´rTW§&O�QS·�¥SV�O�`L§ Ro�l´r`rRU_S¥ ´#RU^�QS��u¬^�`L�lRoQS·�VoT23ÃO�QS§
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�L¤SThu¬`r^�yWTWQN33�rÎ RoQ ´[O�`l·�T"´�`lT�Y�¥SRU`rTW§ u¬^�`<´r¤SRo�PÎS`l^�×lTW¶g´{Ro�<QS^�Â RoQ ´#¤ST®ÎS`l^>¶"TW�l�{^�u�¶"^�QS�l´r`r¥S¶g´#RU^�Q
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´#¤ TÄQ T21�´[B w�T�O�`l� m §S¥S`lRoQS· Â�¤SRU¶[¤ ´#Ro}ÄT±ÂÃT®T21>Î1T"¶"´{´#¤MO�´P´#¤ST�´#O�`r·�Tg´PÂ�RoVUVH_]Th`rT�O�§ w O�QS§ ´#¤ T
T21>Î]TW`lRo}ÄTWQ�´t¶�O�Q&_1TP`l¥SQYZ
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Å T�O�§S§S`rT"�r��´#¤ST"�rT{Î1^�RoQ�´#�LRUQE´r¤STPu¬^�VoVU^�Â�RoQS·��lTW¶g´#Ro^�QS�WZ

O PRQTS6U
VWQ X�YZV\[W]7Q Q_^a`bQTV1U
c Qedf[g[hY VWQTc ijU9d ij`k`kVWYmlnQeo

�L¤ST~ÎS`r^�Î]^��lTW`r�±^�u�´r¤SRo��T21>Î1T"`rRU}~T"Q�´�¤ST"`rTW_�w+T21>ÎS`lTW�r��´r¤STWRU`�¥ Q Y�¥MO�VoRqpMTW§+§STW�lRo`lT~u¬^�`�´#¤SRU��TX1�3
Î]TW`rRU}~T"Q�´?´#^ `lTW}~O�RoQ£O�ÎSÎS`l^�É�TW§¼Z�X�´PRU�<O�¶"`r¥S¶"R�O�VØÎMO�`l´?^�uÃO�Q O�Î ÎS`r^�É�T"§+Î `r^�·�`rO�} ^�uÈ§S^�¥S_ VoT23
Î]^�V�O�`lRoyWO�´#RU^�Q�}ÄT�O��r¥S`lTW}ÄTWQ�´#�qRoQPÎ Ro^�QPÎS¤ ^�´#^�Î `r^�§S¥S¶"´rRo^�QÄac¯ 3 J�B�3 H�J	L ksr H�t m O�QS§PRUQ�´#TW`rO�¶"´r��¶WVU^��rT"VUw
Â�RU´r¤®^�´#¤ST"`JT21>Î1T"`rRU}~T"Q�´r��Â�¤SRo¶[¤~O�Vo�l^P`rTEY�¥ Ro`rTtO<u¬`r^�yWTWQN33�rÎ RoQ®´[O�`l·�T"´�ac¯ 3KJ � 3 H�H � r � t]O�QS§®^�´r¤STW`l�
RoQ ÎS`lTWÎMO�`rO�´#RU^�Q k Z��L¤ST~´#O�`r·�T"´{Ro�{QS^�Â ¥SQS§ST"`�¶"^�QS�j´#`r¥ ¶"´#RU^�Q/O�´±z ½ O�_YZ �L¤ T»VoRU�l´�^�u�¶W^�VUV�O�_]^#3
`#O�´#^�`l��^�Q&´#¤ST{ÎS`lTW�rT"Q�´PT21>Î]TW`rRU}~T"Q�´?¤MO��?_]TWTWQ¦O�¥S·�}ÄTWQ�´#T"§£_�w&�rTgÉ�TW`rO�V)O�§S§SRU´rRo^�QSO�VY·�`l^�¥SÎS�t^�u
ÎS¤�w��rRU¶WRo�j´#��Â�¤S^~O�`rTPRUQ�É�^�VUÉ�TW§&RoQ ´#¤ T{^�´#¤ST"`tÎ]^�VoO�`rRUyWTW§N3�´[O�`r·�Tg´�ÎS`l^�Î1^��#O�VU�WZ

u vw`xo7iy[hQTo Shz_U9Qedf[6U�{�z|z}ijShQ X�YZV\[W]7Q Q_^a`bQTV1U
c Qedf[
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� ZL´r^LT"É�O�Vo¥SO�´#T�O�¶W¶W¥ `#O�´rTWVUw�´#¤STJ�lRoQS·�VUT23�ÎSRo^�Q�ÎS¤S^�´r^�ÎS`l^>§S¥ ¶"´#RU^�QP¶W^�Q�´r`rRU_S¥ ´#RU^�Q<´#^�´r¤STÈ­PTW`#O��rRo}Ä^�É	3
N<`lTWVoV 3 n T�O�`lQ a6­�N n<k �l¥S} `r¥ VoT�Z

B ZL´r^Ä¥ �rT�´#¤ST{¤STWVURo¶"RU´3w»O��lw�}Ä}~Tg´#`lw O��?OhQSTgÂ §SRoO�·�QS^��j´#RU¶<´#^�^�VYRoQE�lT�O�`l¶[¤SRoQS·®u¬^�`�T"É�RU§STWQS¶"T
^�uØÎ]^>^�`lVUw~§ST"´rTW`l}~RUQSTW§&_MO�`jw�^�Q&`rT"�r^�QMO�QS¶WT"�WZ
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´#¤ Ro�LT21>Î]TW`lRo}ÄTWQ�´�O�`rT��l´rRoVUV¼¤SRU·�¤SVUw~`rT"VoTgÉ�O�Q�´�O�´�T"QSTW`l·�RoT"�tO�_1^�É�T[S!J�JÄ¢DTED±Z
X3Q � J�J�B m ¸1Útp�3 � RÖO�ÎSÎ `r^�É�T"§ T21>Î1T"`rRU}~T"Q�´»¯OJ�B�3 H�J	L r H9t m Â�¤SRU¶[¤ ÎS`l^�Î]^��rT"§ O+}ÄT�O��l¥S`rT"}~T"Q�´
^�u{^�´r¤STW`��lRoQS·�VoT23�O�QS§ §S^�¥S_SVoTX33Î]^�V�O�`rRoyWO�´#RU^�Q ^�_S�lTW`lÉ�O�_ VoTW�»RoQ 4�576 8 > @ O�QS§ 4�5 6 8 9 5AO�´
TWQ TW`r·�RoTW��_]T"´3ÂÃTWT"Q J Z RDO�QS§ � Z�JD­�T2D�ZY�ØO�_SVUTTHÄ�l¤S^�Â���´r¤ST®ÎS`r^�Î]^��lTW§ �rT"´l´#RUQS·��Pu¬^�`�¯OJ�B�3 H�J	L>Z
�L¤ST®�rRUQS·�VUThÎ1^�VoO�`rRUy�O�´rRo^�QD^�_S�lTW`lÉ�O�_ VoTW��� O�QS§�� O�Q § ´r¤ST®§S^�¥S_ VoT23�Î1^�V�O�`lRoy�O�´#Ro^�QD^�_ �rTW`jÉ�O�_SVoT"��
	��
	�
�	SO�QS§�� O�`rT�§ST pMQST"§£_�w�´#¤ T{TX1>ÎS`rT"�r�rRU^�Q r S�t�������� � ��������������! #"%$ H'&(�*)+�E¶"^���a �-, k*. a H k�0/ r &1�0)+� �rRUQqa �-, k2. �43*�mt5&�76 r �*)8�+¶W^���a �9, k &:�}t;&�4< r &1�0)8
Á�lRoQ�a �-, k*. ��32=mt
Â�¤ST"`rT>��3 O�QS§(�*) O�`rT�´#¤ T ¶WRo`l¶W¥SVoO�`�O�QS§ VoRoQ T�O�`�Î1^�VoO�`rRUy�O�´rRo^�Q ^�ut´#¤ST Î ¤S^�´#^�Q _]T�O�} m , RU�
´#¤ ThO�QS·�VUT�^�uJ_1TWO�} Î1^�VoO�`rRUy�O�´rRo^�QE`lTWV�O�´#RUÉ�T{´r^»´#¤ T�`rTWO�¶"´rRo^�QDÎSV�O�Q T m O�QS§?�7/@	��46 O�QS§?��< O�`lT
´#¤ T{´#O�`r·�Tg´tÎ1^�VoO�`rRUy�O�´rRo^�Q RUQ ´#¤STBA mDC O�QS§?E §SRo`lTW¶g´#Ro^�QS��aFE $ RoQS¶"Ro§ST"Q�´tÎS¤ ^�´#^�Q£O�1>Ro� mGC $QS^�`l}»O�V¼´#^®`rTWO�¶"´rRo^�QEÎSVoO�QST k Z

�ØO�_SVoT H � ¸�`l^�Î1^��rTW§ _]T�O�} O�QS§å´#O�`r·�Tg´ �rTg´r´rRoQS·��~u¬^�` ¯OJ�B�3 H�J	Låa�\1ZL\�´r`#O�¥ ¶[¤%H�IKJ9LNM k Z �L¤ST
Î]^�V�O�`lRoyWO�´#RU^�Q»^�_ �rTW`jÉ�O�_SVoT"�tO�`rT{O���§ST pMQSTW§D_�wE��O�`lv�TW`OH�IPJ9LNM r S�t

\>Tg´r´#RUQS· ¸Ø^�VoO�`rRUy�O�´rRo^�Q =
Q a6­PTED k = 9 a�­�T2D k �P_ �rTW`jÉ�O�_SVoT"�
��T�O�} �ØO�`l·�T"´

Ú VURoQSTWO�` ´r`#O�Q �lÉ�T"`r�lT J Z�VSR � ZCJ �rT"É�TW`rO�V �>	��
	��
� ¶"Ro`l¶W¥SVoO�` ´r`#O�Q �lÉ�T"`r�lT J ZCRTR�H�Z�L H�ZCV �
	��

H�ZCR	LSR � ZCJ � Z �
p VURoQSTWO�` VU^�QS·�Rµ´#¥S§ RoQMO�V J Z�VSR � ZCJ �rT"É�TW`rO�V ­
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·�RUTW��O�_]^�É�T H�ZCS � ­�T2D m�O � TX1�´#`#O�Î1^�VoO�´#RU^�QS��^�uHÎS¤ TWQS^�}ÄTWQ ^�·�Ro¶WO�VYO�QMO�VUw��lTW�t^�uHÎ]^�VoO�`rRUyWTW§
T"VoTW¶g´#`l^�ÎS`r^�§S¥S¶g´#RU^�QE§MO�´[O®_�w&��R�O�QS¶[¤SRqO�QS§&�L¤S^�}~O�� r H�J�t¾O�QS§£\>RU}�¥SV�O r H�H9tq·�RUÉ�T&3 ��� <Y_
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¶"^�QS�rRU�l´rTWQ�´�Â�Rµ´#¤ ´#¤ T±­�N n �r¥ } Â�RU´r¤SRoQET21>Î]TW`lRo}ÄTWQ�´[O�V¼¥SQS¶WT"`l´#O�RoQ�´#RUTW�"ZÈÚ }Ä^�`rTP`lTW¶"TWQ�´
¶"^�Q u¬TW`lTWQS¶"T±¶"^�Q�´#`rRU_S¥ ´rRo^�QERoQ ¶WVo¥ §SRoQS·®�Ã^�QSQ£§SO�´[O®¥SÎE´#^ � Z�F~­PTED ·�RUÉ�TW� � H�BBH
LIHUH � <Y_
u¬^�`�´r¤STPu¬¥SVoV¼¶W^�`l`rTW¶g´#T"§D�l¥S} r H � t�Z
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·�T"QSTW`rO�VoRUy�O�´rRo^�Q ^�u�´#¤ T�­�N n RoQ�´#T"·�`#O�V)u¬^�` O ��
$ J m }�¥S�l´�¶[¤MO�Q ·�T~TX1�´#`rT"}~T"VUw `rO�ÎSRo§ VUw
RUQÖ}»O�·�QSRU´r¥S§ST~O�QS§/�lRo·�Q/RUQÖ^�`r§ TW`±´r^¦T"É�^�VUÉ�T �r}Ä^>^�´r¤SVUw ´r^�Â�O�`l§/´#¤STE­�N n �l¥S}9`r¥SVUT
É�O�VU¥ST{O�´ O � $ J Z�stT"¶WTWQ�´rVUw&O�QDT21>Î1T"`rRU}~T"Q�´t¤MO���_]TWT"Q O�ÎSÎS`l^�É�TW§£RoQ n O�VUVq�A´r^~TX1 Î Vo^�`lT
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}ÄT�O��l¥S`rRUQS·D´r¤ST�¤ST"VoRo¶"RU´3w	33�lTWÎMO�`#O�´rTW§Ö§SRµÊ¼T"`rT"Q�´rR�O�VJ¶"`r^��l���rT"¶"´#RU^�QS�±u¬^�`�´#¤ T»�rRUQS·�VUT233Î Ro^�Q+O�QS§ � 3
ÎSRU^�Q�ÎS¤S^�´#^�ÎS`l^>§ ¥S¶"´rRo^�Q�Î `r^�¶WTW�l�rT"��Â�RU´#¤ RoQ»´r¤ST�p ½ ÚP\�O�¶"¶WT"Î ´[O�Q ¶WT�O�QS§ TX1�´#`#O�Î1^�VoO�´#RUQS·�´#^�´#¤ T
u¬¥SVUV¼O�Q ·�¥SV�O�`�§SRU�l´#`lRo_S¥>´#Ro^�QS�WZ Å Rµ´#¤»´r¤ST�O�§ É�TWQ�´�^�uq´#¤ T�¢£O�RUQSyPO�QS§E�Ã^�QSQE§MO�´#O m ÂÃTPQS^hVo^�QS·�TW`
É�RoTgÂ ´#¤ Ro�LT21>Î]TW`lRo}ÄTWQ�´�O��tO®§ Ro`rT"¶"´�¶"^�Q�´#`rRU_S¥ ´rRo^�Q ´#^h´rTW�l´rRoQS·h´r¤ST�­{N n �l¥S} `r¥ VoT�Z
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TWQ TW`r·�wE`rTW·�Ro^�QEO�_]^�É�T H�Z�LÄ­PTED m ´#¤ Ro��T21>Î]TW`rRU}~T"Q�´�¤MO���QS^Ä¶W^�}ÄÎ1Tg´#Rµ´#Ro^�QYZ
�L¤ST�ÎS`r^�Î]^��rO�VMu¬^�`�¯ 3KJ�B�3PHQJ	L r H9t]TX1 Î `rTW�l�rT"�L¶WVoTWO�`rVµw�´#¤ T?Ro}ÄÎ]^�`l´#O�QS¶WTL^�u�}~TWO��r¥ `rRoQ ·±O�VUVS´#¤ST�O�¶X3
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N r HQR�t=O�QMO�Vµw��rTW��Q T�O�` � J!J�¢&TED m O�QS§®´#¤MO�´H´#¤SRU�
§SRU�r¶W`lTWÎMO�QS¶"wE¶WO�QD_]TP¥S�lTW§D´r^®§ST"´rTW`r}ÄRoQ T{_]T"´l´#T"`�É�O�VU¥STW��u¬^�`�´#¤ST�¤ST"VoRo¶"RU´3w»O�}ÄÎSVoRµ´#¥S§ST"��u¬^�`�´#¤ T
� � � a HML � J k `rT"�r^�QSO�QS¶WT r L.t6ZÄ�L¤ST"`rT�O�`rT®QS^&§MO�´[O&O�_]^�É�T =
Q $ � S!J£¢DT2D�ZqÚ?_]^�É�T®´#¤SRU��TWQST"`r·�w m
´#¤ TW`rT®O�`rT��l¥S_S�l´#O�Q�´#RoO�V)§SRµÊ¼T"`rTWQ ¶WTW��_]T"´3ÂÃTWT"Q ´r¤ST J 'LKNM O�QS§�� 'LKNM Î `rTW§ Ro¶"´rRo^�Q � m Â�¤SRU¶[¤ QST"Â
§MO�´#Oh¶�O�Q&¤STWVUÎ ´#^Ä`rTW�l^�VUÉ�T~ac�rT"T x Ro·SZ � k Z
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Å T<QS^�´rT<RoQ�ÎSO��r�lRoQS·�´r¤MO�´�´r¤ST<¤ST"VoRo¶"RU´3w®§ST"¶W^�}ÄÎ]^��rRµ´#Ro^�Q»^�uq´#¤ T<§SRUÊ1TW`lTWQ�´#RoO�V]¶W`r^��r�L�rT"¶"´rRo^�Q ¶WO�Q
_]T{TX1>ÎS`rT"�r�rT"§¦RoQ ´r¤S`rT"T{TEY�¥SRUÉ�O�VUTWQ�´�Â�O�w�� �

H�ZL´r¤ST�RoQS§SRµÉ�Ro§S¥MO�V¼¤ST"VoRo¶"RU´3w	33�lTWÎMO�`#O�´rTW§E§SRUÊ1TW`lTWQ�´#RoO�VY¶"`r^��l�t�lTW¶g´#Ro^�QS� ��� ����� O�QS§ ����� ��� m
� ZL´r¤ST�¥SQSÎ]^�V�O�`lRoy"TW§ §SRµÊ¼T"`rTWQ�´rR�O�VY¶"`r^��l���lTW¶g´#Ro^�Q��� $ ��� ����� . ����� ���

�
O�Q §D¶"`r^��l�t�lTW¶g´#Ro^�QD§SRµÊ¼T"`rT"QS¶WT

� � � $ ��� � ��� & ��� ����� 	 ^�`
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B ZL´r¤ST�¥SQSÎ]^�V�O�`lRoy"TW§ §SRµÊ¼T"`rTWQ�´rR�O�VY¶"`r^��l���lTW¶g´#Ro^�Q ��� O�QS§E´#¤ T{¤ TWVoRU¶WRµ´3w O��jw>}Ä}ÄT"´#`jw

= $ ��� ����� & ��� � ���
� ��� ;

¯ 1>Î1T"`rRo}ÄTWQ�´#O�VoVµw�RU´¾Ro�HO�VUÂ�O�w>�HO�§ É�O�Q�´[O�·�TW^�¥ �H´#^�T21�´#`rO�¶"´�T"RU´r¤STW`R� � � ^�`�= u¬`r^�} ´#¤ T�Î]^�V�O�`lRoy"TW§�3
´[O�`r·�Tg´�§MO�´[O m O�QS§E¥S�rT{}ÄT�O��l¥S`rT"}~T"Q�´r��^�Q£O�Q&¥ QSÎ1^�V�O�`lRoyWT"§ ´[O�`l·�T"´Lu¬^�` ��� Z
�L¤SRU��T21>Î]TW`lRo}ÄTWQ�´�Â�RoVUV=O�Vo�l^�}ÄT�O��l¥S`rT 4N5<6 8 > 8 � 5YZ�ac�L¤ST?^�´#¤ST"` � 3�ÎSRo^�Q pMQMO�V¼�l´#O�´#T"��`rTEY�¥SRo`lT
´#¤ T�§ST"´rTW¶g´#Ro^�Q ^�u�´3Â�^ Q TW¥ ´r`#O�VØÎMO�`l´rRo¶"VoTW�tRoQD´#¤ST pSQMO�VH�j´[O�´rT m ´#¤ST"Ro`<O�QMO�VUw��lRo� m Â�¤SRoVUT±Î]^��r�lRo_SVUT m
Ro�?QS^�´�O�Q RU}~}ÄTW§ R�O�´rT{Î `rRo^�`rRU´3w�Z k£Å ¤SRUVoT{´#¤ST�´r¤STW^�`lT"´rRo¶�O�VHRoQ�´rTW`rÎ `rT"´#O�´#RU^�Q¦^�u�´r¤ST � 3�ÎSRo^�Q£ÎS`r^#3
¶WT"�r�lTW�?RU��VoT"�r���l´r`#O�RU·�¤�´ru¬^�`jÂ�O�`r§�´#¤SO�Q&u¬^�`��rRUQS·�VoTX33ÎSRU^�Q�ÎS`l^>§ ¥S¶"´rRo^�Q m ´#¤STgw ¶W^�Q�´#O�RoQEO�ÂÃT�O�Vµ´#¤E^�u
RoQ>u¬^�`r}~O�´#RU^�QDO�_1^�¥ ´<`lTW�r^�QMO�QS¶"TW�PÂ�¤SRo¶[¤ ¶"^�¥SÎSVUT�`rT"V�O�´rRUÉ�TWVUw ÂÃT�O�v�Vµw£´r^»´#¤ST/8?F �lw��l´rTW}&Z��L¤ST
­�N n ¶"^�VoVoO�_]^�`#O�´rRo^�QEO�´P¢£O�RoQSy{¤MO��?O�QMO�Vµw>y"TW§ O�VoVY´#¤ `rTWT�¶[¤MO�`l·�T±�j´[O�´rTW�<RUQ;4�5 6 8,8�F Z�X3Q£O
ÎS¥S_ VoRo¶WO�´#RU^�Q®^�Q®´#¤STt¤STWVURo¶"RU´3wh§ST"Î1T"QS§ST"QS¶WT<^�uA4�5 6 8?>�8,9P@ r V.t m ´r¤ST"w pMQ §~´#¤SO�´J´#¤ST�¶W`r^��r�È�rTW¶X3
´#RU^�Q£Q T�O�` � J�J�¢&TED RU�?ÎS`lTW§S^�}ÄRoQSO�Q�´#VUw�¤STWVURo¶WRµ´3w	3 BB@ � m O�QS§¦Ro�t§S^�}ÄRoQSO�´#T"§£_�wD´r¤ST�� � � a HML � J k`rT"�r^�QSO�QS¶WT m O���ÎS`lTW§SRU¶"´rTW§¦_�w ´#¤ TW^�`lT"´#RU¶�O�Vq}Ä^>§ TWVo� r HML!t m _S¥ ´?O�Vo�l^~¶"^�Q�´[O�RUQS��OÄ�lRo·�QSRqpM¶�O�Q�´ � �����¶W^�Q�´r`rRU_S¥ ´#RU^�Q�Â�¤SRU¶[¤£Ro}ÄÎSVURoTW��Oh}~T"¶[¤MO�QSRU�r} ^�´r¤STW`L´r¤MO�QD� � � §S^�}~RUQMO�QS¶"T�Z
Ú�´{´#¤STP×lTW^�ÎMO�`r§ w `rTgÉ�RoT"Â RoQ � J�JIH m ¸1Útp�3 � J£O�Î ÎS`r^�É�T"§Ö´#¤SRU��TX1>Î1T"`rRo}ÄTWQ�´{u¬^�` ��� §SO�w�� m ¶W^�QN3
§SRµ´#Ro^�QMO�VÈ^�Q ´r¤STEO�É�O�RoVoO�_SRoVURU´3w ^�u�´r¤ST u¬`r^�y"TWQ�3��rÎSRUQ ´#O�`r·�T"´ m Â�RU´r¤/´#¤ST�u¬^�VUVo^�Â�RoQ ·¦§SRo�j´#`lRo_S¥ ´rRo^�Q
^�u�`r¥SQ/´rRo}ÄT � V¦§SO�w��~O�´�= 9 $ HI;CV ­�T2D m S¦§SO�w��~O�´ � Z R+­�T2D m O�QS§ R §SO�w��ÄO�´UR Z�J ­PTED m
Â�RU´r¤ R&§SO�w���O�§S§ST"§ u¬^�`<´#¤ST®^�É�T"`r¤STWO�§Ö^�uÃ`rT"Î1^�VoO�`rRUyWRUQS·~´r¤STh´[O�`l·�T"´WZÄ�L¤ T;H�Z�VEO�QS§ � Z RD­�T2D
`r¥ QS�ÃÂÃTW`lT�´#^�_1Tt¥S�lTW§�u¬^�`JÎS`lTW¶WRU�rT�}~TWO��r¥S`lTW}ÄTWQ�´#�Ã^�u¼´r¤ST?¤ TWVoRU¶WRµ´3wh§STWÎ]TWQ §STWQS¶"T<^�uY´r¤ST H23)O�QS§
� 3�ÎSRo^�Q~¶W`l^��r�L�lTW¶"´rRo^�Q ��^�É�TW`�´r¤ST<ÎS¤ ^�´#^�Q T"QSTW`l·�w~`#O�QS·�T J Z R R � ZCBh­PTED�Z>�L¤ST&RSZCJh­PTED `l¥SQ�Â�O��
RoQ�´rTWQS§ST"§Á}~O�RoQ VUwDO��{O&¶"^�O�`l�rTÄ�r¥S`jÉ�T"w ^�uÈ´#¤ TÄ¤ TWVoRU¶WRµ´3w�3�§STWÎ]TWQ §STWQS¶"T~^�u�´#¤ TÄ¶"`r^��l���lTW¶g´#Ro^�Q+RUQ
TWQ TW`r·�wE`rTW·�Ro^�QEO�_]^�É�T�´#¤ST{��^�QSQD­{N n TX1 Î]TW`lRo}ÄTWQ�´�Z
¢£O�Q�w+^�uL´#¤ T»·�^�O�Vo�{^�uL´#¤ST»ÎS`r^�Î]^��lTW§ R ­PTED `r¥SQÖÂÃTW`lT O�VU`rT�O�§ w+O�¶[¤SRoTgÉ�T"§/§S¥S`rRUQS· O£�l¤S^�`j´
� ­�N n ´#T"�l´®`l¥SQ�� Î1T"`lu¬^�`l}~T"§ §S¥S`rRUQS·¦´#¤ T 	��S��� TWVUTW¶g´#`r^�Q `l¥SQ Î1T"`rRU^>§/RUQ z�O�Q�¥MO�`lw � J�JIH RUQ
n O�VoVJ�?ZqÚÆ¤SRo·�¤ VUw ¶"^�VoVURo}~O�´#T"§ ¶WRo`l¶W¥SVoO�`rVµw¦Î]^�V�O�`rRoy"TW§ ÎS¤S^�´r^�QÁ_]T�O�} Â�RU´#¤ TWQ TW`r·�RoTW��_1Tg´3Â�T"TWQ
� Z�L±O�QS§ L>Z�B�­�T2D Â�O���RoQ ¶WRo§ TWQ�´�^�QEO�§ w�QMO�}ÄRo¶�O�VoVUw	3�Î1^�VoO�`rRUyWT"§®O�}~}Ä^�QSRoO<´[O�`l·�T"´ m O�Q §EO±Vo^�^��rT
´#`lRo·�·�TW`�§ST"´rTW¶g´#TW§ O�VoVq^�¥ ´r·�^�RoQ ·Ä¶[¤SO�`r·�T"§ ÎMO�`j´#Ro¶"VoT"��Â�Rµ´#¤SRUQD´r¤ST�¶"^�}�_SRUQSTW§¦O�¶W¶"TWÎ ´#O�QS¶WT±^�u)´#¤ T
p ½ ÚP\�§STg´#TW¶g´#^�`ÈO�Q §®´r¤ST�´[O�`r·�Tg´ n TWVU}~¤ ^�VU´ry�¶W^�RoVo� m TgÊ¼T"¶"´#RµÉ�T"VUwh·�RµÉ�RoQS·PO�Q~O�QS·�¥SVoO�`)O�¶"¶WT"Î ´[O�Q ¶WT
u¬`r^�} O�_]^�¥ ´GS��t´r^<L#J��WZ x ^�`�´r¤STW�lT±TgÉ�TWQ�´r� m Â�¤ Ro¶[¤£¶"^�`r`lTW�lÎ1^�Q §£´#^Ä`r^�¥ ·�¤SVUw L!J
	 ^�uØ´#¤STP´r^�´[O�V
¶W`l^��r�~�rT"¶"´#RU^�Q RoQ ´#¤SRU�ÄT"QSTW`l·�w `rT"·�Ro^�Q m ´r¤STD¤ TWVoRU¶WRµ´3w O��lw�}Ä}~Tg´#`jwÖÂ�O��~}ÄT�O��l¥S`rT"§YZ ��T"¶�O�¥ �rT
^�uJ´#¤ TÄ�l¤S^�`j´�`r¥SQ ´#RU}~T±O�QS§ ´#¤ ThVo^�Â ´r`rRU·�·�TW`�`#O�´rThQSTW¶"TW�l�rRU´#O�´#T"§+_�w¦´r¤ST®O�_S�lTWQS¶"T®^�u�OE\�´[O�`j´
p�^�¥SQ�´rTW` m ´#¤STt�l´#O�´#RU�l´rRo¶W�J^�u1´#¤ST�}~TWO��r¥ `rTW}ÄTWQ�´ÈÂ�T"`rTtÉ�TW`jwÄÎ1^�^�` m _S¥>´Ã´r¤ST�TX1>Î1T"`rRo}ÄTWQ�´Ã�r¤S^�ÂÃTW§
O ¤STWVURo¶WRµ´3w O��jw�}~}ÄT"´r`lw `r^�¥S·�¤SVµw ¶W^�Q �rRo�j´#T"Q�´&Â�RU´r¤A´r¤ST ÎMO�`#O�}~Tg´#TW`lRoyWO�´#RU^�Q ^�uh�ÃR�O�QS¶[¤ R�O�QS§
�L¤S^�}~O�� r H�J�t�RoQ�´#¤ TÈT"QSTW`l·�w{`rT"·�Ro^�Q{O�_]^�É�T�R<­PTED±Zi��TW¶WO�¥S�lTÃ´#¤ TW`rTJÂ�O��ØQ ^tÂ�O�w{´r^�TX1�´#`#O�Î1^�VoO�´#T
´#¤ Ro��}~TWO��r¥ `rTW}ÄTWQ�´{´#^DOEu¬¥ VoVJO�QS·�¥SV�O�`�O�¶W¶WT"Î ´[O�QS¶WT m ´#¤STÄ`rT"�r¥SVµ´#��Â�T"`rTÄQS^�´�§STWT"}~T"§Á�l¥SRU´#O�_SVoT
u¬^�`LÎS¥ _SVoRU¶�O�´rRo^�Q�_ ¥ ´�Â�T"`rT{ÎS`rT"�rTWQ�´rTW§¦ÎS¥ _SVoRU¶WVUw»O�´�¶"^�Q u¬TW`lTWQS¶"TW� r H�V.t6Z
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��T"¶�O�¥S�lTÄ´r¤ST®TWQST"`r·�w¦`rTW·�Ro^�Q O�_]^�É�T � Z RD­�T2D ac¶W^�`r`rT"�rÎ]^�QS§SRUQS·E´#^�� � � ;�B&­PTED k RU��O�_]^iÉ�T
´#¤ T ��`rT"�r^�QMO�QS¶WT `lTW·�RU^�Q��/O�Q § QS^�´�´r¤ST �r¥S_�×lTW¶"´E^�u�}±¥S¶[¤ ¶W¥S`l`rTWQ�´ ´r¤STW^�`lT"´rRo¶�O�V?RoQ�´rTW`rT"�l´ERUQ
HE3t^�` � 33ÎSRU^�Q ÎS¤S^�´r^�ÎS`l^>§S¥ ¶"´#RU^�Q m ÂÃT~¤SO�É�T~§ TW¶WRU§STW§ ´#¤SO�´P´#¤ST"`rTÄRo�PVURU´r´rVoT�Î1^�RUQ�´�RoQ T21�´rTWQS§SRUQS·
^�¥S`�}~TWO��r¥ `rTW}ÄTWQ�´r��O�_]^�É�T � Z R ­PTED±ZØ�L¤ST~}~^�`rT»RUQ�´#TW`lTW�j´#RoQ · Y�¥STW�j´#RU^�QÖ^�uL´r¤ST»¤SRU·�¤�3�TWQST"`r·�w
T"É�^�Vo¥>´#Ro^�Q£^�u�´r¤STh­�N n RUQ�´rTW·�`rO�QS§£O�_1^�É�T±´#¤ST±}»O�1>RU}�¥S} ��^�Q Q¦TWQST"`r·�wD^�u�B»­�T2D }�¥S�j´<_]T
T21>ÎSVU^�`rT"§ _�w¦O�Q TX1>Î1T"`rRo}ÄTWQ�´<Â�Rµ´#¤¦}Ä^�`lT±¶W^�}~ÎSVUT"´rT�O�QS·�¥SV�O�`t¶W^�É�TW`#O�·�T�´#¤MO�Q Ro�?Î `r^�É�Ro§ST"§ _�w
p ½ ÚP\ÁRUQÖRU´r�±§STgucO�¥SVU´±¶W^�Q�pM·�¥S`rO�´#RU^�QYZ \�´r¥S§SRUTW�hO�`lT�¥SQS§ TW`±Â�O�wÁ´#^£ÎS`rT"ÎMO�`rTEODÎS`r^�Î]^��rO�VÈu¬^�`
�r¥ ¶[¤¦Oh¤SRo·�¤�33T"QSTW`l·�w&­�N n }~TWO��r¥ `rTW}ÄTWQ�´�u¬^�`�Ohu¬¥ ´#¥ `rT{¸1Útp?Z
Å T®´r¤�¥S��`lT�Y�¥ST"�l´�`r¥SQSQ RoQS·E´#RU}~ThO�´{´3ÂÃ^&TWQS§SÎ]^�RUQ�´{T"QSTW`l·�RoT"�{^�u0H�ZCV&O�QS§ � Z�V&­PTED±Z��L¤ST~TX1�3
´#`rO�¶"´rRo^�Q ^�uP¶"`r^��l�»�lTW¶"´rRo^�Q �~u¬`r^�} ´#¤ST&Î1^�V�O�`lRoyWT"§�3�´#O�`r·�T"´®§MO�´#O+RU�~§ST"�r¶"`rRo_]TW§ RoQ \>TW¶g´#Ro^�Q RSZ R
_]TWVo^�Â�Z

� � QTc �bQTV1S6]kU9` Y X([6]7Q z}Y����9i	�bYZV1i [WU9YZd

�L¤SRU�PÎS`r^�Î]^��rO�VHRU�PO�ÎSÎS`l^�É�TW§+O�QS§ �l¥SÎSÎ]^�`l´rTW§ _�w£´#¤ TÄp ½ Ú<\¦¶W^�VUV�O�_]^�`#O�´#Ro^�QYZ�\>RUQS¶WT�´r¤STh�r¥S_N3
}ÄRo�r�lRo^�Q ´#^Á¸1Útp�3 � JÁRoQ � J�J�H m ´#¤ TD´#TWO�} ¤MO��Ä_1T"TWQ+×l^�RUQSTW§ _�w �lT"É�TW`#O�V<O�§S§ RU´#RU^�QMO�VL·�`r^�¥SÎ �
Â�¤S^»O�`rT{O��l�r^�¶WR�O�´#TW§EÂ�RU´r¤ ´#¤ST{^�´#¤ TW`�T21>Î]TW`rRU}~T"Q�´#�t¥S�rRUQS·Ä´r¤ST n O�VUV�� u¬`l^�yWT"Q�33�lÎSRoQE´[O�`r·�Tg´�ZÈÚ
¶W¥ `r`rT"Q�´?VURo�l´�^�u)T21>ÎSVURo¶"RU´#Vµw�QMO�}~T"§D¶"^�VoVoO�_1^�`#O�´r^�`r��Â�¤ ^ÄÂ�RUVoVY_]T�RUQ�É�^�VµÉ�TW§DRoQE`r¥ Q£ÎS`lTWÎMO�`rO�´#RU^�Q m
`r¥ QD¶"^>^�`l§SRoQSO�´#RU^�Q m O�QS§&§MO�´[O®O�QSO�VUw��rRU��O�ÎSÎ]T�O�`l��^�Q ´#¤STP´#Rµ´#VUT<ÎMO�·�T�^�u¾´#¤ Ro�LQS^�´rT�Z
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�L¤SRU��TX1 Î]TW`lRo}ÄTWQ�´ m ´r^�·�T"´r¤STW`�Â�RU´r¤D´r¤ST�^�´#¤ST"`?O�Î ÎS`r^�É�T"§¦ÎS¤S^�´#^�QDT21>Î1T"`rRU}~T"Q�´r�<¯ 3 J � 3PH�H � O�QS§
¯ 3 J�BM3PH�J	L m `rT�Y�¥SRU`rT"�±O Vo^�QS·�RU´r¥S§SRUQMO�VoVµwEÎ1^�V�O�`lRoyWT"§ ÎS`r^�´r^�Q ´[O�`l·�T"´�Â�RU´r¤ }~RUQSRo}~O�V¾^�_S�l´r`r¥S¶g´#RU^�Q
^�u±^�¥ ´#·�^�RoQS· ¶[¤MO�`l·�TW§ ÎMO�`j´#Ro¶"VoT"�EÂ�Rµ´#¤SRUQA´r¤ST TWQ�´#RU`rTÁp ½ Ú<\ O�¶"¶WT"Î ´[O�Q ¶WT�Z �L¤ST+ÎS`rTgÉ�Ro^�¥S�lVUw
T21>RU�l´#RUQS· n O�VUV�� Î1^�V�O�`lRoyWT"§¦´[O�`l·�T"´ r H�S�t m Â�¤SRo¶[¤ ¤MO���_]TWT"Q+¥S�lTW§+RoQ TWVUTW¶"´r`r^�QN33_]T�O�} `r¥SQSQ RoQS· m
Ro�EO/§ w�QMO�}~RU¶�O�VUVUw Î1^�V�O�`lRoyWT"§ ´[O�`r·�Tg´E`rT�Y�¥SRU`rRUQS· O/�rT"´&^�u�}~O��r�lRUÉ�T n TWVU}~¤S^�VU´#yD¶W^�RUVo�»Â�¤ Ro¶[¤
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Ú�´�TWQST"`r·�RUTW��O�_1^�É�T±O�_]^�¥ ´ � ­�T2D m �lTWVoT"¶"´rRo^�Q&^�uHu¬`lTWTX33ÎS`l^�´#^�QDT"É�TWQ�´#��_�w&}ÄRo�l�rRoQ ·h}»O��l�?O�Vo^�QST
}~O�w�QS^�´)_1T�u¬¥SVUVUw{T"Ê1TW¶g´#RµÉ�T m _ ¥ ´�u¬^�`H´r¤STL�rRUQS·�VoTX33ÎSRU^�Q±Î `r^�¶WTW�l�rT"� m ¶W^�Î V�O�QMO�`rRU´3w�O�Q §Ä^�´#¤ST"`)v�RoQSTX3
}~O�´#RU¶Ã¶"^�QS�l´r`#O�RUQ�´#�)¶WO�QhT�O��lRoVµw�_]T�RU}~Î]^��rT"§�_�w�§STg´#T"¶"´#RUQS·<´#¤ T�QSTW¥>´#`#O�V ÎMO�`j´#RU¶WVoTÃRoQ�¶"^�RoQ ¶WRo§ TWQS¶"T
Â�RU´r¤ ´#¤ST�¶[¤MO�`l·�TW§DÎMO�`j´#Ro¶"VoT�Z)�L¤ST�p ½ ÚP\&¶WO�Vo^�`rRo}ÄT"´rTW` m Â�¤SRU¶[¤D�l¥S_ ´rTWQS§S�?O�QS·�VUTW�L¥SÎE´#^ R�L �tRUQ
O�VUV��rTW¶g´#^�`l�®a�O�QS§¦¥SÎ&´#^ � J � RoQE´3ÂÃ^ �rTW¶g´#^�`l� kem ¤MO��?O�ÎSÎS`l^Q1 RU}»O�´#TWVµwTV�J
	 § T"´#T"¶"´rRo^�Q¦T2ZÄ¶WRoT"QS¶"w
u¬^�`<Q TW¥ ´r`r^�QS�{O�_]^�É�TÄO�_]^�¥ ´ � ­PTED�@�¶ m O�Q §¦´#¤STh´#RU}~TX33^�u 3
�MRo·�¤�´t¶"^�¥SQ�´#T"`r��¤MO�É�TÄQSTW¥>´#`r^�Q T2ZU3
¶WRUTWQS¶"RoT"�±^�u VSR�H�J
	 QSTWO�` � J�J¦¢DT2D�@�¶ r H�F.t6Z&�L¤ST�¶WO�Vo^�`lRo}ÄT"´rTW`�O�VU�r^£¤SO���O£`lT�O��l^�QMO�_ VUw ¤SRo·�¤
TEZÄ¶"RoTWQ ¶"w&O�QS§DO�¶"¶WTWÎ>´[O�QS¶"T{u¬^�`-8 9 6 4 4 O�_]^�É�T H�­�T2D�Z

� ��� � ��� 
�( ��� �+��� &�* �+�
Ú�´t¸1Útp�3 � J m ´r¤SRo��T21>Î1T"`rRU}~T"Q�´�ac¯OJIHE3PHQJ!R k `lT�Y�¥ST"�l´#T"§¦O�Q §EÂ�O���O�Â�O�`r§ST"§ �!� §MO�w>��^�u¾`l¥SQSQSRUQS·
´#RU}~T£O�´ T"QS§SÎ]^�RoQ�´ETWQ TW`r·�RoTW� ^�u H�Z�V m � Z R m O�QS§ RSZCJ ­�T2D�Z�Ú�� }~T"Q�´#Ro^�QSTW§ O�_]^�É�T m ÂÃT ¤SO�É�T
§S`l^�ÎSÎ]TW§±´r¤ST R<­�T2D `l¥SQ±u¬`r^�} ´#¤SRU�Ø¥SÎ]§MO�´rT�`lT�Y�¥STW�j´ m O�Q §±ÎSVoO�Q±RUQS�l´rT�O�§{´#^?�l¥S_S}ÄRU´HO�ÎS`l^�Î]^��#O�V
u¬^�`LOh¤SRU·�¤�3�TWQST"`r·�w�­{N n `r¥SQ ´#^®O�u¬¥ ´r¥S`rT�¸]Útp?Z Å T{Î `r^�Î]^��rTPT"QS§SÎ]^�RoQ�´LT"QSTW`l·�RoT"�L^�u H�Z�VhO�QS§
� ZCV�­PTED u¬^�`Ã¶"^�}ÄÎMO�´#RU_SRoVURU´3w{Â�RU´r¤»T21>Î]TW`lRo}ÄTWQ�´L¯OJ � 3 H�H � r � t m Â�¤SRo¶[¤ ¶WO�Q~´#O�v�T?§MO�´[O{¥SQS§ST"`�´#¤ T
�#O�}~TP¶"^�QS§SRµ´#Ro^�QS��O��L´#¤SRU�LT21>Î]TW`rRU}~T"Q�´�Z
�ØO�_SVoT � �l¤S^�Â��ØÎ `r^�Î]^��rT"§�`r¥SQ�¶W^�QS§SRU´rRo^�Q �¼u¬^�`¼´r¤ST)´3Â�^tTWQ §SÎ1^�RoQ�´qTWQST"`r·�RUTW� m Â�Rµ´#¤P´#¤ T��l´[O�´#Ro�j´#RU¶�O�V
·�^�O�Vo� ^�u{´#¤ST }ÄT�O��l¥S`rT"}~T"Q�´DO�Q §A´r¤ST ´#Ro}ÄT `rTEY�¥SRo`lTW§ u¬^�`ET�O�¶[¤ATWQST"`r·�w�Z Å T O��r�l¥S}~T ´#¤ T
u¬^�VUVo^�Â�RoQS·±¶W^�QS§ RU´#RU^�QS� �

�HO�`r·�Tg´L´#¤SRU¶[v�Q TW�r� L®¶"} a�B ZCJh· @�¶"} � k ^�uH_S¥>´[O�QS^�VÈa6p
�
n�� � n?k

��T�O�} �rÎ]^�´�¶W^�VoVoRU}»O�´#Ro^�Q H�Z�J®¶W} §SR�O�}ÄT"´rTW`LO�´L´[O�`l·�T"´
Ú�É�TW`#O�·�TP´[O�`l·�T"´tÎ]^�V�O�`lRoyWO�´#RU^�Q S�J
	
¯�VoTW¶g´#`l^�QE_1TWO�} Î]^�V�O�`lRoyWO�´#RU^�Q � J
	
¢£O�1>Ro}±¥S} p ½ ÚP\�´#`lRo·�·�TW`L`#O�´#T B	L!J�J�´#`lRo·�·�TW`r�3@��rT"¶

�L¤ST�_1TWO�} ´#Ro}ÄTP`rTEY�¥STW�j´#TW§ �l¤S^�¥SVU§£_]T��l¥IZÄ¶WRoT"Q�´<´#^Ä§ST"´rTW`l}~RUQST{´r¤ST±¤ TWVoRU¶WRµ´3wEO��lw�}Ä}~Tg´#`jw>=
ac�lTWT±\>TW¶g´#RU^�Q � Z � k u¬^�`(4�5<6=8 > @+O�QS§ 4�576 8 9 5D´r^»O®�l´#O�´#RU�l´#RU¶�O�V¼¥SQS¶WT"`l´#O�RoQ�´3w�� = $ H J ;CJ	L
RoQ T�O�¶[¤ _SRoQ ^�uP§SRµÊ¼T"`rTWQ�´rR�O�VL¶"`r^��l���rT"¶"´#RU^�Q TX1>¶WTWÎ>´ ´#¤ST&}~^��l´~_MO�¶[v�Â�O�`r§ O�QS·�VoT&_SRoQS�"Z �L¤ST
�lw��j´#TW}~O�´rRo¶È¥SQS¶WT"`l´#O�RoQ�´3w�RoQ�= Ro�qTW�j´#Ro}~O�´rTW§�O�´	� = � = � L�	 §S¥STÈÎS`lRo}~O�`rRUVUwt´#^�´#¤STÈv�QS^�Â�VoTW§ ·�T
^�u�_]T�O�} O�QS§»´[O�`r·�Tg´�Î]^�V�O�`rRoyWO�´#RU^�QYZq�L¤ST?´#O�·�·�RUQS·�`#O�Q ·�T�u¬^�`J´#¤ T H�ZCV�­PTED `r¥SQ�TX1�´#TWQ §S��§S^�Â�Q
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´#^ R�L#J�¢DTED m ´#^�·�RUÉ�TL�r¥S_ �l´[O�Q�´rR�O�V ^iÉ�TW`lV�O�Î®Â�RU´r¤�´#¤ST�¢£O�RUQSyL}ÄT�O��l¥S`rT"}~T"Q�´r�JRoQ�´#¤ Tt`lTW�l^�QMO�QS¶"T
`rT"·�Ro^�QYZ x Ro·�¥S`rTUR&�r¤S^�Â��{�rRU}�¥SV�O�´#TW§ §MO�´[O _MO��lTW§Á^�Q � ' K M ÎS`rT"§SRo¶g´#Ro^�QS� m ´#¤ T~O�¶W¶WT"Î ´[O�QS¶WTÄ^�u
´#¤ T p ½ ÚP\ § T"´#T"¶"´r^�`~u¬^�` 4�576 8:9 5åO�QS§ 4�576 8:>A@ m O�QS§ ´#¤ TDÎSVoO�QSQST"§å�l´#O�´#RU�l´rRo¶W�®^�u?´#¤SRU�
}ÄT�O��l¥S`rT"}~T"Q�´±a¬¶"u
ZJ�HO�_SVoT � k Z
Ú?�®Â�RU´r¤ ´r¤STD^�´#¤ST"`»O�Î ÎS`r^�É�T"§ u¬`r^�yWTWQN33�rÎ RoQ ´[O�`l·�T"´~T21>Î]TW`rRU}~T"Q�´#�£a�¯OJ � 3 H�H � O�QS§ ¯�J!B�3PH�J�L kgm
ÂÃT»ÎSVoO�Q ´r^DÎ V�O�¶"T»OE¶�O�`l_1^�Q+´[O�`r·�Tg´�§ ^iÂ�Q �l´#`lT�O�}9^�uÃ´#¤STÄ¶W`jw�^��j´[O�´±RoQ ^�`r§ST"`{´r^D}~O�v�T~}ÄT�O�3
�r¥ `rTW}ÄTWQ�´r��^�uÃ´#¤ST®�l¤MO�Î]TÄ^�u�´#¤ TÄ_]^�¥SQ §�33Q�¥S¶"VoTW^�Q+_MO�¶[v�·�`r^�¥SQ §Á¶W^�Q�´r`rRU_S¥ ´#RU^�QYZh�L¤ST®§SRUVo¥ ´rRo^�Q
ucO�¶g´#^�`�a¬´#^�´[O�V¾Q�¥S¶WVUTW^�QS�3@�u¬`rT"ThQ�¥S¶WVUTW^�QS� k Ro�?O�_]^�¥ ´ S>Z�F~Â�¤ TWQ O�¶W¶"^�¥SQ�´#RUQS·»u¬^�`t´#¤ST±ÎS`r^�Î]^�`j´#Ro^�Q
^�uÈu¬`rT"TÄÎ `r^�´r^�QS��RoQ _S¥ ´#O�QS^�VLa � R @NH�J k O�QS§ ´r¤ST � n T @ � n T®_MO�´r¤+�l¥S`r`l^�¥SQS§ RoQS·E´#¤ST®_]T�O�§ ��O�QS§
´#¤ Tt´#O�`r·�Tg´È¶WTWVUVØacRoQ ¶W`rTWO��rRUQS·�´#¤STtQS^�}ÄRoQMO�VS§SRoVU¥ ´#RU^�Q�ucO�¶g´#^�`J_�w � � J
	 k Z n ^iÂÃT"É�TW` m Â�T�O��l�r¥S}ÄT
´#¤SO�´�v�RoQST"}»O�´rRo¶P¶"¥ ´#�tO�`lT{¥ �rTW§&´#^®`rT"§S¥S¶"T{´r¤ST�T"Ê1TW¶"´rRUÉ�T�§SRUVo¥ ´rRo^�Q~ucO�¶"´r^�`L´#^hÉ�O�Vo¥ST"�tO��LVo^�Â O��
� � a¬u¬^�`(4�576 8 > @+RUQE´r¤ST H�ZCV»­PTED `r¥ Q kgm RU}~ÎS`l^�É>RUQS·�´#¤ T��j´[O�´rRo�l´rRo¶WO�VY¥SQS¶"TW`j´[O�RUQ�´rRoT"�t^�uH´#¤ T
�r¥ _ ´#`rO�¶"´rRo^�QS�"Z)�ØO�_SVoT � RoQ ¶WVo¥ §STW�*R{§MO�w��Ju¬^�`J´#O�`r·�T"´JÎ]^�V�O�`lRoyWO�´#RU^�Q m O��r�l¥S}~RUQS·P´#¤MO�´J`rTWÎ]^�VoO�`rRUy�O�3
´#RU^�Q&^�u)´#¤ T�u¬`r^�yWTWQN33�rÎ RoQ£´#O�`r·�Tg´�Â�RUVoV�_]T±`lT�Y�¥SRo`lTW§ O�ÎSÎS`r^Q1>Ro}~O�´rTWVUw�T"É�T"`lw B»§MO�w��?^�u)`r¥SQSQ RoQS· m
O�QS§~´#¤MO�´ m Â�Rµ´#¤ O{QST"ÂA�jw>�j´#T"} _]TWRoQ ·±¶W^�}~}ÄRo�l�rRo^�QSTW§ m _]T�O�} VU^��r�ÈÂ�RoVoVM_]TPO�u¬¥SVoV=§MO�wÄu¬^�`ÃTWO�¶[¤
`rT"Î1^�V�O�`lRoy�O�´#Ro^�QYZ

�ØO�_SVoT � � s�T�Y�¥ST"�l´rTW§ `r¥ Q»´#RU}~TLu¬^�`J´#¤STt´3Â�^±_1TWO�} TWQST"`r·�RUTW�WZ��L¤ T?¶W`lRU´rTW`rRU^�QÄRo�J´#¤ST��l´[O�´#Ro�j´#RU¶�O�V
¥SQS¶"TW`j´[O�RUQ�´3wE§ TW�rRU`rT"§DRUQ�´#¤ST�¤ST"VoRo¶"RU´3w�O��lw�}Ä}~Tg´#`lw = u¬^�`�u¬^�`-4�5 6 8 9 5£O�QS§T4�576 8 > @)Z
_]T�O�} ´#O�·�·�T"§ ´#O�·�·�RUQS· O�Q ·�VoT TWQST"`r·�w ¤S^�¥S`r� � = � = §MO�w>�
TWQ TW`r·�w ÎS¤S^�´#^�Q `rO�´#T _ RoQ _SRUQ _1TWO�} ^�Q u¬^�` u¬^�`
a6­PTED k T"QSTW`l·�w a6­PTED k a6¢DT2D k ´#O�`r·�T"´ 5 8 9 @�8 >
H�Z�V J Z R�LSR�H�Z�L � ��� ¢ n y H�J�� � L � J�J ZCJ�B!R Z�J!R�F S
� Z�V H�Z R	JTR � Z R � H � ¢ n y H�J�� L#J H�S�J ZCJ!R	F Z�J	LNH �

´[O�`l·�T"´�Î]^�VoO�`rRUy�O�´rRo^�QÄ´#Ro}ÄT R
´#^�´#O�VY`l¥SQ ´#Ro}ÄT HQF
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8 èMì�í�� \>T"T�\>TW¶g´#Ro^�Q � ZCB Z
	 æ]íØí Ú�� ÎMO�`l´�^�u�´#¤ST �rO�}~T£T21>Î1T"`rRU}~T"Q�´#O�V<ÎS`l^�·�`rO�} O���RoQA¢£O�RoQSy m O�Q § ¥S�rRUQS·Ö´#¤ST �rO�}ÄT

Î]^�V�O�`rRoy"TW§h´[O�`r·�Tg´ m O{}ÄT�O��r¥S`lTW}ÄTWQ�´�^�u � � a�´#^�´#O�VM¶W`l^��r�È�rT"¶"´#RU^�Q»§ RUÊ1TW`rT"QS¶WT k O�´ÃT"QSTW`l·�RoT"�
u¬`l^�} V�S�J ´#^ BIH�J!J£¢DT2D ¤SO���_]TWT"QÁÎ]TW`ju¬^�`r}ÄTW§+O�´���^�QSQ+¥S�rRUQS·DOE´r^�´[O�V 33¶"`r^��l� 33�lTW¶g´#Ro^�Q
§STg´#T"¶"´#RU^�Qh§STgÉ>RU¶WTLÂ�RU´r¤h^�QSVµw�VURo}ÄRU´rTW§�O�_SRoVURU´3wP´#^P§ Ro�l´rRoQS·�¥SRo�l¤�RoQS§ RUÉ�Ro§S¥SO�V$pSQMO�VS�j´[O�´rTW� r � t6Z

â�

�£ä �L¤ST ½ ¯È­{\�ucO�¶WRUVoRµ´3w{O�´���`l^>^�v�¤SO�É�TWQÄ°?O�´#Ro^�QMO�V ½ O�_1^�`#O�´r^�`lw{Ro�ØÎSV�O�QSQSRoQ ·?}ÄT�O��l¥S`rT"}~T"Q�´r�
^�u]O�VoV�4N5ÄO�QS§/4�@�§SRUÊ1TW`lTWQ�´#RoO�V�¶W`r^��r�)�lTW¶"´rRo^�Q ��¥SÎ�´#^&R � J�¢DTED m ¥S�lRoQS·�O�QST"Â u¬`r^�y"TWQ�3��rÎSRUQ
n N ´[O�`l·�T"´Hv�QS^�Â�Q®O�� ��\ ¸ n Xjp�¯ � Z)Ú Î]^�V�O�`rRoy"TW§�´[O�`l·�T"´H�#O�}ÄÎSVUTÈÂ�O��hpM`l�l´HÎSV�O�¶"TW§�RUQ±´#¤ T
_]T�O�} RUQ � J�JIH m O�Q §£ÎS`lTWVoRU}~RUQMO�`jw»ÎS¤�w��rRU¶W��`rTW�l¥SVU´r��ÂÃTW`lT±ÎS`lTW�rT"Q�´#TW§ O�´<­�N n � J�J � r � J�t6Z
Ú QSTgÂå´[O�`l·�T"´ÈRU�È`lT�O�§>whu¬^�`�RoQS�j´[O�VUV�O�´rRo^�Q±RoQh´#¤STt_]T�O�} m Â�RU´r¤Ä´r¤ST pS`r�l´ÃÎS¤�w��rRU¶W�ÈÎS`r^�·�`#O�}
�l¶[¤STW§S¥ VoTW§&´#^®_]TW·�RUQ&§ ¥S`rRUQS·h´#¤ST��r¥ }~}ÄTW`L^�u � J�J#RSZ

��� ã ã â �L¤ST�­{s�Ú?Ú ½ V�O��lTW` 33_MO�¶[v��l¶�O�´l´#TW`lRoQS·tucO�¶WRUVoRµ´3wPO�´)­�`lTWQS^�_SVoTÃO�Vo�l^�Î V�O�QS�q´#^�¥S�rT�O<\ ¸ n Xjp�¯
´3w�Î]T n N ´#O�`r·�T"´?ac¶WO�VoVUTW§ � n Ç�N<X ½ ¯ � k ´#^�}ÄT�O��l¥S`rTL´#¤ T?­�N n ¶W^�Q�´r`rRU_S¥ ´#RU^�QS��O�QS§~�l^�}ÄT
TX1 ¶"Vo¥S�lRUÉ�TP¶W`r^��r�L�rT"¶"´rRo^�QS�L¥ Î�´#^ H�Z�Lh­�T2D�Z>Ú ¸Ø^�VoO�`rRUyWT"§ n N �ØO�`r·�Tg´ x O�¶"´r^�`lw~¤MO���_1T"TWQ
¶"^�QS�l´r`r¥S¶g´#T"§ÖO�´�X
¸J°Æ�<`r�#O�w m O�Q §+O n N ´#O�`r·�Tg´{¤MO��P_]TWTWQ+§STWVURUÉ�TW`rT"§ ´#^E´#¤STÄ­�stÚ�Ú ½
TX1 Î]TW`lRo}ÄTWQ�´[O�VY�rRµ´#T�Z

â�
��®ä �L¤ST ½ ¯È¸È\�ucO�¶"RoVURU´3wPO�´J\ ¸�`rRUQS·#3KStÎSVoO�QS�q´#^<§ T"É�T"Vo^�Î�Otu¬`r^�yWTWQN33�rÎ RoQ n N Î1^�V�O�`lRoyWT"§{´#O�`r·�T"´ m
�lRo}ÄRoV�O�`�´#^Ä´#¤ST�^�QST�O�´�­�stÚ�Ú ½�m ´#^»}ÄT�O��r¥S`lT�� � a¬´r^�´[O�V¾¶"`r^��l�?�lTW¶"´rRo^�Q£§SRUÊ1TW`lTWQS¶"T k O�´
ÎS¤ ^�´#^�QÄTWQ TW`r·�RoTW�Ju¬`r^�} H�Z L{­PTED ´#^ � Z R�­PTED±Z��L¤ T?�r¶[¤ TW§S¥SVUT�RU�Èu¬^�`)´#¤ST}pM`r�j´L­�N n �r¥S}
`l¥SVoTPTX1 Î]TW`lRo}ÄTWQ�´�´#^®_]TW·�RUQ&RUQ � J�J � Z

äYâÈã á Ú�Q T21>Î1T"`rRU}~T"Q�´®a6\ ½ Útp�3
¯(HML#F m ¸ØZ�¯LZ���^��j´#T"§ O�QS§ N�ZYp�`rO�_S_ m �rÎ]^�v�T"�rÎ]TW`r�l^�QS�»a � J!J�J krk
Â�O��<O�ÎSÎS`r^�É�TW§£´r^»}ÄT�O��l¥S`rTc� � u¬`r^�} LÄ­PTED ´#^7R�J�­PTED ¥S�rRUQS·»O®´#^�´#O�Vq¶W`l^��r���rTW¶g´#RU^�Q
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�r¤ ^�¥SVo§ ÎS`l^iÉ�RU§STE¶W^�^�VoRUQS· Î1^�ÂÃTW`®_]T"´r´rTW`®´#¤MO�Q O¦u¬T"Â O }ÄRo¶"`r^ Å O�´l´#�WZ/�L¤ TD^�Q VUwÖ´rTW¶[¤SQSR Y�¥ST
¶�O�ÎMO�_SVUTÄ^�u��#O�´#Ro�ju�w�RoQS·E_]^�´#¤+^�u�´r¤STW�lT~¶"^>^�VURoQS· `lT�Y�¥SRU`rTW}ÄTWQ�´r�±Ro� � n T @ � n T®§SRoVU¥ ´#RU^�Q `rTgu¬`rRo·�TW` 3
O�´rRo^�QYZ Å ¤SRoVUT®§SRoVU¥ ´#RU^�Q `rT"u¬`lRo·�T"`#O�´r^�`r�PÂ�Rµ´#¤+O�QÖO�¶"¶WT"Î ´[O�_ VoT»_SO��rT®´#T"}~Î]TW`rO�´#¥S`lT»O�QS§Á¶"^>^�VURoQS·
Î]^iÂÃTW`»O�`rTDO�É�O�RoVoO�_SVoT»¶W^�}Ä}~T"`r¶"R�O�VUVUw m ´r¤ST£·�TW^�}ÄT"´r`rRo¶ ¶"^�QS�j´#`#O�RoQ�´#�~^�u�p ½ ÚP\ Â�RoVoV�`rT�Y�¥SRU`rTDO
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0.4T holding magnet

Mixing chamber

3He/4He solution
Mixing chamber seal

Target insert

Target material
10K heat shield

Vacuum jacket
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Beam entrance window
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�L¤ST�^iÉ�TW`rO�VoVq§ST"�rRo·�Q£Ro�t�rRU}~RUV�O�`Ã´#^Ä`rT"u¬`lRo·�T"`#O�´r^�`r��¶"^�QS�l´r`r¥S¶g´#T"§ O�QS§£^�Î1T"`#O�´rTW§¦�l¥S¶W¶"TW�r�ju¬¥SVoVµw&_�w
`rT"�rTWO�`r¶[¤ST"`r��O�´t��^�Q Q/.tQSRUÉ�TW`l�rRU´3w r � H�tqO�QS§&O�´t\>O�¶WVoO�w r � S�t6ZJ|PTgwEO�`rTWO��L^�uØ§SRUÊ1TW`lTWQS¶"T�RoQS¶"Vo¥S§ST
¤STWO�´P�r¤ RoTWVU§SRoQ · O�QS§ ¤STWO�´PTX1 ¶[¤SO�QS·�T"`{§ TW�rRU·�QYZ��L¤STÄz ½ O�_¦´#O�`r·�Tg´?Â�RUVoV¾¥ ´#RUVoRoy"T�^�QST��r¤ RoTWVU§ acRUQ
O�§S§ RU´#RU^�QP´#^�´#¤STJ}~O�QS§S`lTWV�u¬^�`�´#¤ TÈ¤ ^�Vo§SRUQS·�¶W^�RUV k `rO�´#¤ST"`�´#¤MO�Q{´#¤STJ¶"¥S�l´r^�}»O�`lwP´3ÂÃ^ m ´r¤�¥ �Ø`lTW§S¥S¶X3
RoQ ·®´r¤ST{TWQST"`r·�wEVU^��r��^�uH^�¥ ´#·�^�RoQS·®ÎMO�`l´#RU¶WVUTW�WZÈÚ QST"Â ¤ST�O�´�T21>¶[¤MO�QS·�TW`tucO�_S`lRo¶�O�´#TW§E^�uH�rRUQ�´rTW`lTW§
�rRUVUÉ�TW`�Î]^�Â�§STW`�Ro��¥SQS§ST"`t§ TW�rRU·�Q�´#¤SO�´LÂ�RoVUV1ÎS`l^�É>RU§STP�rRU·�QSRqpM¶�O�Q�´rVUw~}~^�`lT<�r¥ `lucO�¶"T�O�`rTWOhu¬^�`�¤ST�O�´
T21>¶[¤MO�QS·�T m ´#¤�¥S�?T"QMO�_SVURoQS·Ä·�`lT�O�´rTW`?¶"^>^�VoRoQ ·ÄÎ]^�Â�T"`<O�´�Vo^�Â ´rTW}ÄÎ1T"`#O�´r¥S`rT"�WZt�L¤SRo�tV�O�´r´#T"`�Î]^�RUQ�´
Ro�?ÎMO�`l´rRo¶"¥SV�O�`lVUwERU}~Î]^�`l´#O�Q�´?·�RUÉ�T"Q¦´#¤STh·�TW^�}ÄT"´r`lwD^�u�´#¤SThTX1>Î1T"`rRo}ÄTWQ�´#O�VHVoO�w�^�¥ ´WZ{�¾^ _]T�Î1^��rRW3
´#RU^�QST"§®O�´)´#¤ TL¶WTWQ�´rTW`J^�u=´#¤STtp ½ Ú<\h§ T"´#T"¶"´r^�`��lw��l´rTW} m ´#¤ST�´#O�`r·�Tg´�}�¥S�j´�_]TL}~^�É�T"§®}~^�`lT�´#¤SO�Q
� }~Tg´#T"`r��u¬`r^�} Rµ´#�LÎ]^�V�O�`lRoy"RoQS·{Î1^��rRU´rRo^�Q»RoQS�lRo§ST<´r¤ST
L��ØT"�rV�O��l^�VoT"QS^�RU§YZ Å ¤SRoVUT?RUQ }~^�´rRo^�Q m ´#¤ T
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§S¥S`lRoQS·h´r¤SRo�LÎS`l^>¶"TW§S¥ `rT�´#¤STP´#T"}~Î]TW`rO�´#¥ `rTP�r¤ ^�¥SVo§&`rT"}»O�RoQ _]TWVo^�Â O�ÎSÎS`l^Q1 RU}»O�´#TWVµw<S!J®}~|hZ
�L¤STE´[O�`l·�T"´Ä}~O�´#T"`rRoO�V�Â�RoVUV�_]T&Î V�O�¶"TW§ RoQS�lRo§ST ´#¤ TD`lT"u¬`rRU·�TW`rO�´#^�`W�ª�h}~R 1 RUQS· ¶[¤MO�}±_1T"`ÄÉ�R�O O �
}9Vo^�QS·DRoQS�lTW`j´�¤STWO�´ 3��r¥SQSvÁO�´�}±¥SVU´rRoÎSVUThVo^�¶�O�´rRo^�QS��O�VU^�QS·£Rµ´#��VoTWQ ·�´#¤YZD��Â�^ °?¢£sÆ¶"^�RoVU�{Â�RUVoV
_]T�Â�`#O�ÎSÎ]TW§+O�`l^�¥SQS§ ´#¤ TÄ}ÄRW1>RUQS·�¶[¤MO�}±_1T"`WZh�L¤ST pM`l�l´PÂ�RoVUVH_]T®¥S�rT"§ ´r^&}~O�v�T®O�Q O�_S�r^�Vo¥ ´rT
§STg´#TW`l}~RUQMO�´rRo^�Q�^�u1´r¤ST�´[O�`l·�T"´JÎ]^�VoO�`rRUy�O�´rRo^�Q�O�´ L<�PZ��L¤ST��rT"¶W^�Q §~Â�RoVUV>_]T�¥S�rT"§Ä´r^�}~^�Q RU´#^�`Ø´#¤ T
Î]^�V�O�`lRoyWO�´#RU^�QÄÂ�¤ RoVoT�RoQ»´r¤ST?u¬`l^�yWT"Q�33�lÎSRoQ }Ä^>§ T<O�´-J Z L±�PZ>�L¤STP}ÄRW1>RoQS·�¶[¤MO�}�_]TW`ÃÂ�O�VUVo�ÈÂ�RoVoV]_]T
O �M¥S^�`lRoQMO�´#TW§®ÎSVoO��l´rRo¶��l¥S¶[¤~O��È¸Ãp�� x ¯ÁRoQh^�`l§STW`�´r^P}~RUQSRo}ÄRoy"TÈ´r¤STt°<¢£s _SO�¶[v�·�`r^�¥ QS§~�lRo·�QSO�V6Z
¢DRU¶W`r^�Â�O�É�TW��Â�RoVUV1_]TP§SRU`rTW¶g´#T"§£O�´�´#¤ST<´#O�`r·�Tg´LÉ�R�OhO±Â�O�É�TW·�¥ Ro§ST{Vo^�¶�O�´rTW§�§ Ro`rT"¶"´rVUw�¥ QS§STW`lQST�O�´#¤
´#¤ T{}ÄRW1>RUQS·�¶[¤MO�}±_1T"`WZ
p�^�QS�j´#`l¥S¶"´rRo^�Qh^�u=´r¤ST�´[O�`r·�Tg´�Ro�ØQS^�Â ¥SQ §STW`jÂ�O�w m Â�Rµ´#¤hO�QhT"�l´rRo}~O�´#T"§h¶W^�}ÄÎSVoTg´#RU^�Q±§MO�´#T�^�u1z�¥ QST
� J�J�L>Z��L¤SRo�tÂ�RoVoVq_]T�u¬^�VUVo^�ÂÃTW§£_�w£O~�lTW`rRUTW�<^�u�¶W^�^�VoRUQS·~O�QS§¦Î]^�V�O�`rRoyWO�´#RU^�Q�´#T"�l´r�<V�O��j´#RUQS·»O�_1^�¥>´
Vh}~^�Q�´r¤S�WZ
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�l´#O�´~RoQS�lRo§ST�´r¤STDÎ]^�VoO�`rRUyWRoQ · }»O�·�QST"´~O�QS§ V�O�´#TW`®RUQS�rRU§ST ´#¤ST£p ½ ÚP\ § T"´#T"¶"´r^�`~RU�®QS^�Â ¥SQS§ST"`
§ST"�rRo·�Q�_�w~´r¤ST n O�VoV]� TWQ ·�RoQST"TW`lRoQS·��l´[O�Ê¦O�Q §Ez ½ O�_��ØO�`r·�Tg´�­P`r^�¥ ÎYZ��L¤ST<�jw>�j´#T"} ¶W^�QS�rRU�l´#�Ã^�u
´#¤ `rTWTPÎSO�`l´r��Â�¤SRo¶[¤&O�`lTPOh¶�O�`j´L¶�O�`l`lw�RoQ ·�´#¤STPÎ]^�V�O�`rRoy"TW§»´#O�`r·�T"´L¶"`lw�^��l´[O�´ m O��rT"¶W^�Q §D¶WO�`l´�u¬^�`LO
ÎS¥S}ÄÎE�lw��l´rTW} m O�QS§DO®�l¥SÎSÎ]^�`l´t�j´#`r¥ ¶"´#¥ `rT�u¬^�`LÎ1^��rRU´rRo^�Q RoQS·±´r¤ST�Î1^�V�O�`lRoyWRUQS·±}~O�·�Q T"´�Z

� QeX�QeV1Qedkz QTS

r H9t±z ½ O�_å¸�`r^�Î1^��rO�Vt¯ 3 J�B�3 H�J	L m ��¸�Ro^�Q ¸�¤S^�´#^�ÎS`r^�§S¥S¶g´#Ro^�Q x `r^�} O+¸Ø^�VoO�`rRUyWT"§ �ØO�`r·�T"´ m � \1Z
\�´#`rO�¥S¶[¤Áac¶"^�Q�´[O�¶g´ kgm °{Z=��TWQ }~^�¥ QMO m ­hZ=����s�RoT"VoVµw m O�QS§EX[Z]\�´#`rO�v�^�É��rv�wÁa � J!J�B k Z

r � t±z ½ O�_ ¸�`r^�Î]^��#O�V�¯ 3 J � 3 H�H � m ��\>TWO�`r¶[¤ u¬^�`�¢DRU�r�lRoQS·E°t¥S¶WVUTW^�Q s�TW�r^�QMO�QS¶"TW��RoQ¦´r¤ST®¸�¤S^�´#^�3
ÎS`r^�§S¥S¶g´#RU^�Q�^�u n w>Î]TW`l^�QS�L¥S�lRoQS·®Oh¸¾^�V�O�`rRoy"TW§ ¸�¤S^�´#^�QE��TWO�} O�QS§EOh¸Ø^�V�O�`lRoyWT"§��ØO�`r·�Tg´ m �
x Z=z Z=|PVoT"RoQ a¬¶W^�Q�´[O�¶"´ kem=½ ZS�Ø^�§S^�`tO�Q §D¸¾Z=¯�¥S·�TWQ Ro^Da � J!J � k Z

r B�t±z Z)Ú?¤ `rTWQ �?H�I�J9LNM m � n TWVoRU¶WRµ´3wÁN<T"Î1T"QS§ST"QS¶WT&^�u 4N5 6 FT8 _]TWVU^�Â R�L#J ¢DTED O�QS§ p�^�QN3
´#`lRo_S¥ ´rRo^�Q u¬^�`�´r¤STE­PTW`rO��rRU}~^�É	3
N<`lTWVoV 3 n T�O�`lQÖ\>¥ } s�¥SVoT � m ¸�¤�w��WZJs�T"É]Z ½ T"´l´�Z 6�� m L!F	L#J
a � J!J�J k Z

r R�t±z ZHÚ�¤S`rT"QS� H�IBJ9LNM m � x RU`r�j´®¢DTWO��r¥S`lTW}ÄTWQ�´®^�u�´#¤ TE­�T"`#O��lRo}Ä^�É�33N<`rT"VoVW3 n TWO�`rQ RoQ�´rTW·�`rO�VÈu¬^�`� n u¬`r^�} � J�J�´#^ S�J!J~¢&TED � m ¸J¤�w��WZ1s�T"É]Z ½ T"´r´WZ 6�� m J ��� J�J!BEa � J�J�H k Z
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r L.t±z Z�Ú?¤S`lTWQS��H�I J9LNM m � n TWVURo¶WRµ´3whÚ?}ÄÎSVURU´#¥ §STW��� ����� O�QS§�� � ��� u¬^�`È´r¤STY� � � a HML � J k s�TW�l^�QMO�QS¶"T�<_ ´[O�RUQSTW§ u¬`l^�} ´r¤ST 4N5<6 8 9 5D`rT�O�¶"´#RU^�Q�� m ¸J¤�w��WZ]s�T"É]Z ½ T"´l´�Z 6�6 m � B � J�J � a � J�J � k Z
r V�t±z Z=Ú?¤S`lTWQS��H�I'J9LNM m � n T"VoRo¶"RU´3w»§STWÎ]TWQS§ TWQS¶"Th^�uH´r¤ST[4�5;6 @�8 > 8 9 `rT�O�¶"´#RU^�Q£RUQ&´r¤ST±�lTW¶"^�QS§

`rT"�r^�QMO�QS¶WT�`rT"·�Ro^�Q�� m ¸�¤�w��rRo¶"� ½ Tg´r´#T"`r� 	������ m R	FDa � J!J�B k Z
r � t n Z�N<¥>´#y H�I J9LNM m � x Ro`l�l´�¢DTWO��r¥S`lTW}ÄTWQ�´�^�uÃ´r¤ST~­�T"`#O��lRo}Ä^�É�33N<`rT"VoVW3 n TWO�`rQ¦\>¥S} s�¥SVoT�u¬^�`� n u¬`r^�} J Z � ´r^TH�Z�SÄ­PTED O�´t¯ ½ \>Ú � m ¸J¤�w��WZ1s�T"É]Z ½ T"´r´WZ	��� m H�F � J�J�H»a � J�J�B k Z
r S�t{X[Z�\]Z=��O�`rv�TW` m Ú±Z=N<^�QSQSO�¶[¤SRoT�O�QS§¦z Z�|hZ=\�´r^�`r`l^iÂ m °t¥S¶WV�Z=¸�¤�w��"Z 	 � � m B!R � a H�F � L k Z
r F�t ½ ZS�LR�O�´r^�` m ¸J`l^>¶"TWT"§SRoQS·��t^�u�­�N n � J�J � m>Å ^�`rVU§£\�¶WRoT"Q�´#R pS¶Äa � J�J!B kgm Î¼Z � � Z
r H�J�t�°�Z���R�O�Q ¶[¤SRSO�Q §®¯�Z��L¤S^�}~O�� m ¸J¤�w��WZ ½ Tg´r´�Z 	 � � 7 m R�B�F®a H�F!F�F k ��O�QS§hÎYZ!B	L!B m ­�N n � J�J�J m

¸�`r^�¶WTWT"§SRoQ ·��?^�uH´#¤ST�\�w�}~Î]^��rRU¥S} m ¢DO�RoQSy m z�¥ QST7HQR�3PH �>m � J!J�J m TW§YZ1N�Z]N<`rT"¶[¤S�rT"V)O�QS§ ½ Z
�LR�O�´r^�` m�Å ^�`rVo§D\>¶"RoT"Q�´rR pM¶ m � J�J�H�Z

r H�H9t±\1Zq\>RU}�¥SVoO m ¢+Z¾�<�rRUÎ1T"QSv�^ m ­hZ�s�Ro¶"¶W^&O�QS§+¢+Z��ØO�Ro¥>´#R m � ½ TWO�§SRUQS·EO�QS§ ¤SRo·�¤STW`<´3Â�RU�l´#��RUQ
´#¤STPÎ `r^�´r^�QEÎ1^�VoO�`rRUyWT"§��l´r`r¥S¶g´#¥S`lT�u¬¥ QS¶"´rRo^�Q �

�
� O�´�V�O�`l·�T<��×l^�`rv�TWQ � m �~¸�¤�w��"Z1s�T"É]Z ��
�� m

J�B!R	J�H � a � J!J � k Z
r H � t n Z 3jz ZYÚ�`rT"QS§S� m ���L¤ST~­�N n 33TX1>Î1T"`rRo}ÄTWQ�´{O�´�¢&ÚP¢DX<`lTW¶"TWQ�´±`lTW�l¥SVU´r��O�QS§ u¬¥>´#¥S`lTÄÎ V�O�QS� �

¸�`r^�¶WTWT"§SRoQ ·��tO�QS§ ´#`rO�QS�rÎSO�`rT"QS¶WRUTW� m °?\>�ØÚ?s � J�J!RDa6­P`rT"QS^�_SVUT k Z
r H�B�t�N�ZMN<`rT"¶[¤S�rT"V H�I J9LNM m °t¥S¶WV�ZM¸�¤�w>�"Z ã 
 � � m H�R�L a H�F!F�F k Z
r HQR�t�s{ZªÚ±ZMÚ�`rQS§>´ mMÅ Z�z Z]��`lRo�l¶W^�T m X[Z�X[Z1\�´r`#O�v�^�É>�lv�w¦O�Q §¦s�Z ½ Z Å ^�`rv�}~O�Q m ¸�¤�w��"Z¼s�T"É]Z á 
�
 m

J	L�L � H�BEa � J!J � k Z
r HML.t±z Z�p?Z>°?O�¶[¤STW`LO�QS§E¯LZS�<�rTg´ m °t¥S¶WV�Z ¸�¤�w��WZSÚ V�F �>m B � � a � J!J � k � z Z�p?ZS°?O�¶[¤STW`�H�I J9LNM m °�¥ ¶WV6Z

¸�¤�w��"Z ã 
���� m � F	LEa � J�J�H k � n Z n ^�VUÉ�^�T"´ m ¸�¤YZ�N�ZM�L¤STW�lRo� m .tQSRUÉ�TW`l�rRU´3wE^�u�­PTWQ�´±a � J!JIH k Z
r H�V�t�N�Z�X[ZM\>^�_]TW` m=½ ZM�¾^>§ ^�` m ¸¾Z�¯LZ=��^��j´#T"§¦O�QS§£\1Z�¯LZ=|�¥ ¤SQ m RoQ ��¸�`l^>¶"TWTW§ RoQS·��t^�u)­{N n � J�J � m

­�T"QS^�É�O m z�¥SVUw � J�J � � m ¢ Z�Ú�QS·�¤SRUQS^�V p m ¢+Z���O�´l´[O�VU·�VoRUTW`rR>O�QS§»s{Z�N<TED?RU´#O m TW§ �WZ m>Å ^�`rVU§»\�¶WRW3
TWQ�´#RqpM¶ta � J�J�B kem ÎYZ � L!B ��N�ZªX[Zi\>^�_]TW`PH�I2J9LNM m RoQ ��¸�`r^�¶WT"TW§SRUQS·���^�u °<\��ØÚ?s � J!J � m ¸�RU´r´r�r_S¥ `r·�¤ m
�<¶"´#^�_1T"` � J!J � � m \1ZªÚ±Z1N?w�´#}~O�QDO�QS§ ¯LZ�\1ZY\�Â�O�Q �r^�Q m TW§S�"Z m]Å ^�`rVo§£\>¶"RoTWQ�´rR pM¶»a � J!J�B kgm ÎYZ
B	L!B Z

r H � t n Z=�<VU�rTWQDO�QS§ ½ Z�p?Z¼¢DO�1>Ro}Ä^�Q m ¸�¤�w��WZ1stTgÉ]Z:H�HQR m S!S � a H�F	L#F k Z
r H�S�t±p?Z=N�ZM|PTWRµ´#¤:H�I J9LNM m °�¥S¶"V6ZSX3QS�j´#`"Z¼¢&T"´#¤¼Z ã � 7 � m B � � a � J!J�B k Z
r H�F�t�¯LZ<N<¥S}Ä^�Q�´#T"RoV m ­hZ?°tRo¶"¥SVoT"�r¶W¥ O�Q § X[ZP°�RU¶W¥SVUTW�r¥ m ��°tTW¥ ´r`r^�Q §STg´#T"¶"´#RU^�Q TEZÄ¶"RoTWQ ¶"w RUQ

p ½ ÚP\ m ��p ½ Ú<\�3
°t^�´#T � J�J�HE3 J�J!V a � J!JIH k Z
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r � J�t{Ú±Z \ O�QS§S^�` p H�I J9LNM m RoQ ��¸�`r^�¶WT"TW§SRUQS·��Æ^�u ­�N n � J�J � m ­�T"QS^�É�O m z�¥ VUw � J!J � � m
¢+ZªÚ?QS·�¤ RoQS^�Vqp m ¢+ZS��O�´r´#O�Vo·�VURoT"`rRMO�Q §Es{Z�N<TED?RU´[O m T"§S�WZ m Å ^�`rVU§ \>¶"RoT"Q�´rR pM¶�a � J!J�B kgm ÎYZ�HQR � Z

r � H9t±p�¤YZ=��`rO�´#v�T H�IPJ9LNM m °t¥S¶WV�ZMX3QS�l´r`WZ]¢DTg´#¤YZ ã ��� 
 m R	B�J&a H�F!F�F k Z
r ��� t�°�Z¼\1Z1��^�`rRU�r^�É H�I J9LNM m °t¥S¶WV�Z1X3Q �l´#`"Z�¢DTg´#¤YZ ã ��� � m R � H a H�F�F!R k � n Z¼N<¥>´#y>H�I J9LNM m °�¥ ¶WV6Z

X3QS�l´r`WZÃ¢DTg´#¤YZ ã � �	
 m H!H�H/a H�F�F	L k ��°�ZÈÚ±ZÈ��O�y"¤MO�QS^�É H�I�J9LNM m °�¥S¶"V6ZJX3QS�j´#`WZÃ¢DTg´#¤YZ ã
����� m B!R	F a H�F�F�V k �>°�Z Ú�Z ��O�yW¤MO�QS^�É H�I J9LNM m °�¥S¶"V6Z�X3QS�l´r`WZM¢&T"´#¤¼Z ã ��7�� m R	S!R a H�F�F!S k �>s{Z
­�T"¤S`rRUQS· H�IPJ9LNM m °�¥S¶"V6ZMX3QS�j´#`"Z]¢DT"´r¤YZ ã � � 6 m � B�B&a HQF�F�S k Z

r � B�t±p�`lw�^�}»O�·�QST"´rRo¶"� m X3QS¶�Z m �PO�v»stRU§S·�T m ��° B � S�B�J Z
r � R�t±\�´�Z>­P^>T"`l´ry m ¸�`r^�¶�ZNF�´#¤ Å ^�`rv��r¤S^�Î�^�Q�¸¾^�V6Z��ØO�`l·�T"´�¢£O�´WZ>O�QS§��¾TW¶[¤SQSR Y�¥STW� m ��O�§ n ^�QSQ T"u

a � J!J�B kgm ´#^®_]T{Î ¥S_SVoRU�r¤ST"§DRUQE°�Xj¢ Ú±Z
r � L.t±��ZHN<ygw>¥ _MO�v m � °�^�´rTW�hO�_1^�¥>´ n ^�Vo§SRUQS· ¢£O�·�QST"´®\�w��l´#T"} u¬^�`{´#¤ST n O�VoV 3
� x `l^�yWT"Q \>ÎSRUQ

¸Ø^�VoO�`rRUyWT"§&�ØO�`l·�T"´ � m p ½ Ú<\�3
°?�<��¯Ã\ � J�J�B m J�B�3 J!J � �]��Z=N<y"w�¥S_MO�v m p�¤YZ]NÈ×rO�VoO�VoR m °{Z=stTX3
¶�O�VU§ST m O�Q §ÁN�ZY�¾TW§ TW�r¶[¤ R m � N<TW�rRU·�Q ^�u�RUQ�´#TW`lQMO�V��l¥SÎ1T"`r¶"^�QS§S¥S¶g´#RUQS·£¤S^�Vo§SRUQS· }»O�·�QST"´Pu¬^�`
´#¤ST z ½ O�_ n O�VoV 3
� x `r^�yWTWQ \>Î RoQA¸Ø^�VoO�`rRUyWT"§ �HO�`l·�T"´ � a¬´[O�VovåO�´ ´#¤ST F�´r¤ X3Q�´rTW`lQMO�´#RU^�QMO�V
Å ^�`rv��r¤S^�Î�^�Q ¸¾^�V�O�`lRoy"TW§ \�^�VoRU§»�ØO�`r·�Tg´#��O�QS§��¾TW¶[¤SQ R Y�¥STW� m �<¶"´#^�_1T"` � � 3 � F m � J�J!B m ��O�§
n ^�Q QST"u m ­PTW`l}»O�Q�w kgm ´#^®_1T�_]T�ÎS¥S_SVURo�r¤ TW§ERoQ&°�Xj¢ Ú±Z

r � V�t±z Z n ��RoVUVoTWQ¦O�QS§ ½ Z�¢+Z]ÇÈ^�¥SQS· m ¸È�<Xj\S\S�P° @�\ .?¸J¯Js x Xj\ n�mq½ Ú?° ½ s�TWÎ]^�`j´ ½ Ú 3 .�s(3KF�V�3
H�S�B!R&acstTgÉ�Ro�rT"§DÚ�ÎS`rRUV m � J�J�B k Z

r � � t±�P¸È¯Js�Ú 3KB�N .��rT"`<­P¥SRU§ST m D x 3 J�HE3 J � 3
N � a DJTW¶g´#^�` x RUTWVo§ � ½ ´#§YZ m ¯�QS·�V�O�QS§ m � J!J � k Z
r � S�t�¸ØZ=p�¤SO�¥S}ÄT"´r´rT H�I J9LNM m Ú�§ É]ZMX3Q¦p�`jw�^SZ]¯�QS·�RUQYZ m B	L m H�J!V � a H�F�F!J k Z


